Abstract Objective/Background: This study sought to investigate the convergent and discriminant validity of a new naturalistic observational Assessment of Children's Hand Skills (ACHS) in children with and without disabilities. Methods: The participants were 134 children aged 2e12 years in Taiwan, and 70 had known disabilities. Outcome measures included the ACHS, one daily living skills questionnaire, and three instruments related to hand skills. Discriminant validity was assessed by comparing the ACHS scores between children with and without disabilities. Convergent validity was examined using a correlation analysis between the ACHS and daily living and hand skills measures. Results: Children with disabilities had significantly lower ACHS scores than typically developing children. The ACHS correlated moderately to highly with the daily living skills questionnaire and demonstrated a varied range of correlations with the three related instruments. Conclusion: Preliminary evidence for the convergent and discriminant validity of the ACHS was established. The findings indicate that the ACHS can be used with confidence in measuring and differentiating children's hand skill performance in real-life contexts.
Introduction
Using hand skills for manipulating objects or attaining functional needs is essential to children's development and successful participation in daily occupations (Case-Smith, 1996; Exner, 2005; Henderson & Pehoski, 2006) . However, children with known developmental or physical impairments may present with difficulties in hand skills and are often referred to occupational therapy due to restricted participation in daily life (Brown, Rodger, Brown, & Roever, 2005; Case-Smith, 1996) . It is critical for occupational therapists to provide appropriate intervention to minimise a child's difficulties in hand skills and participation restriction. Accurate assessment of a child's hand skills is also necessary to guide intervention programs (Buffart, Roebroeck, Pesch-Batenburg, Janssen, & Stam, 2006; Greaves, Imms, Dodd, & Krumlinde-Sundholm, 2010 ).
To assess a child's hand skills, existing instruments, such as the fine motor subscale of the Peabody Developmental Motor Scales (Folio & Fewell, 2000) , are commonly used. However, this type of assessment utilises standardised tasks that evaluate children hand skills in artificial or laboratory environments such as clinical testing settings. The assessment results cannot be readily generalised to a child's reallife performance in daily life activities (e.g., how a child uses his or her hands to get dressed or brush his or her teeth). Therefore, several instruments such as the Assisting Hand Assessment (AHA) (Krumlinde-Sundholm, Holmefur, Kottorp, & Eliasson, 2007) and the ABILHAND-Kids (Arnould, Penta, Renders, & Thonnard, 2004) have been recently developed to capture children's hand skill performance in natural, every day contexts. It has been argued that ecologically based assessments are better suited in assisting therapists in implementing occupationcentred interventions that enhance the participation and occupational performance of children with disabilities Buffart et al., 2006) .
The Assessment of Children's Hand Skills (ACHS) (Chien, Brown, & McDonald, 2010 ) is also one of this type of ecologically based hand skill assessments. It utilises naturalistic observation that takes into consideration a child's unique characteristics and environmental factors. This enables the ACHS to capture the child's actual hand skill performance. Furthermore, the ACHS includes a comprehensive range of common hand-skill elements and childhood activities that require hand use. The ACHS is, therefore, able to be used with most groups of 2e12-year-old children both with and without disabilities. This presents a marked advantage over similar existing hand-skill instruments that are limited to children with a specific diagnosis (such as the ABILHAND-Kids for use in children with cerebral palsy) or to the domain of play activities (such as the AHA).
The content and construct validities of the ACHS were established in previous studies (Chien, Brown, & McDonald, 2009; Chien et al., 2010; Chien, Brown, & McDonald, 2011) . Results from Rasch analysis revealed that the unidimensionality of the ACHS was deemed acceptable after removing one catching hand skill item whose assessment may have been confounded by a child's fear or inexperience related to ball catching. The remaining items in the ACHS were found to be placed in a hierarchical order of difficulty as clinically and developmentally expected. Furthermore, the ACHS exhibited sufficient response patterns when applied to children with and without disabilities (Chien et al., 2011) . Therefore, the ACHS has demonstrated preliminary evidence of validity for its clinical use in assessing a child's hand skill performance in real-life contexts. Additionally, preliminary testeretest reliability estimates of the ACHS (Pearson's r coefficient Z .85, p < .01) and inter-rater reliability (r Z .79, p < .01) were reported .
The development of the ACHS offers an opportunity for occupational therapists to assess the hand skill performance of children in real-life contexts. Although the ACHS demonstrated content validity, unidimensionality, and reliability evidence, all aspects of validity and reliability must be investigated to establish a cumulative body of evidence about a clinical test (Brown, 2010; Hobart, Lamping, & Thompson, 1996) . To date, little convergent and discriminant validity evidence related to the ACHS has been reported. These types of the validity have been considered as essential components of construct validity (Brown, 2010; Nunnally & Bernstein, 1994) . Therefore, the purpose of this study was to investigate the convergent validity of the recently developed ACHS (by correlating it with instruments that measure similar constructs) as well as its discriminant validity (by differentiating groups with known differences). Continued evaluation of the validity of the ACHS would assist occupational therapists in determining its clinical usefulness and selecting evidence-based instruments to assess the reallife hand skill performance of children.
Methods Participants
A convenience sample of 134 children aged between 2 years and 12 years originally recruited from Taiwan for a previous study that examined the construct validity of the ACHS also participated in this convergent and discriminant validity study (Table 1 ). The number of the participants whom data were collected from was intended to characterise a broad range of hand skill abilities across sex, health conditions, and developmental stages. Sixty-four (47.8%) participants were typically developing children from one kindergarten and one primary school. Inclusion criteria for the typically developing children were full-term at birth, average birth weight, and absent from impairments according to their parents' or caregivers' reports.
Seventy (52.2%) were children with disabilities who were recruited from one special school and one medical centre, who had a formal rehabilitation/medical diagnosis, and who presented with hand skill difficulties in certain activities according to the parental reports. Diagnoses of children with a known disability included autism spectrum disorders (N Z 16), developmental disorders (N Z 31), genetic/ chromosome disorders (e.g., Down syndrome, N Z 6), and neuromuscular disorders (e.g., cerebral palsy or brachial plexus birth palsy, N Z 17). Ethical approval for the study was granted by the Monash Standing Committee on Ethics in Research Involving Humans, the Victorian Department of Education and Early Childhood Development, and the committees of the participating kindergarten, schools, and medical centre. Written consent was obtained from the parents or caregivers of the participants.
Procedures
The consenting parents/caregivers of the participating children completed a parent-report questionnaire before the ACHS observations were conducted. This questionnaire (as part of the ACHS, mentioned later) was used to obtain the parents' perceptions about appropriate activities and environment(s) for enabling individual children's ACHS observations. On the basis of the obtained information, one rater (i.e., the first author) then observed and scored each child's hand skill performance while undertaking appropriately challenging activities motivated by the parents or teachers in his or her typical routine. The ACHS observations were conducted in the children's real-life environments, including in their homes, kindergarten, or schools (as the parents suggested). Furthermore, each child was observed performing at least two to three activities in order to get maximum information about his or her hand skills. The rater was reported as demonstrating satisfactory testeretest reliability .
The parents/caregivers were also invited to complete two additional questionnaires. The Personal Living Skills subscale of the Vineland Adaptive Behavior Scales [VABS (Sparrow, Bella, & Cicchetti, 1985) ] was given to all the parents/caregivers. The other questionnaire was the VABS Fine Motor Skills subscale for children younger than 6 years or the Developmental Coordination Disorder Questionnaire [DCDQ (Wilson, Kaplan, Crawford, Campbell, & Dewey, 2000) ] for children older than 6 years. These questionnaires sought information about the children's hand skill use in certain self-care, play, or handwriting activities and reflected the children's hand skill-related assessment in real-life contexts. Therefore, they were expected to measure constructs similar to the ACHS and were used for examining the convergent validity of the ACHS in this study.
In addition, a performance-based motor assessment tool, the Movement Assessment Battery for ChildrenSecond Edition [MABC-2 (Henderson, Sugden, & Barnett, 2007) ], was administered to a subgroup of 30 children with/without disabilities from the entire sample in this study. These children were purposefully selected if they were able to follow instructions in order to examine the convergent validity of the ACHS by correlating it with the MABC-2. The MABC-2 consists of the assessments of several hand skill components (e.g., manual dexterity), so it was expected to associate with the ACHS to a certain extent. To conduct the MABC-2, the first author, who is trained in administering the MABC-2 former edition, also practiced the new edition after reviewing the test manual's instructions. Each child was assessed with the MABC-2 in a quiet room at the kindergartens, schools, or clinics. The administration of the MABC-2 and the ACHS was completed within a 1-week period to minimise the confounding effects of the children's possible spontaneous development.
Instrumentation
The ACHS is a naturalistic observational tool that assesses the effectiveness of a child's use of hand skills when engaged in meaningful activities in natural contexts. Its current version comprises 19 hand skill items (after eliminating the catching item) and 22 activity items (Chien et al., 2011) . The hand skill items represent six types of skill categories: manual gesture (one item), body contact hand skills (one item), arm-hand use (six items), adaptive skilled hand use (five items), bimanual use (three items), and general quality (three items). The 22-activity items included in the ACHS range across three childhood domains of leisure/play (eight items), school/education (eight items), and activities of daily living (six items). The administration of the ACHS requires raters to observe and score the 19 hand skill items in one of the 22 activities. The scoring criteria are based on the effectiveness of the child's use of individual hand skills regardless of whether one or two hands are involved in the activity. A sixlevel Likert rating scale is used across all hand skill items, which range from inefficient hand skill performance that disrupts activity processing (e.g., unacceptable delay, excessive exertion or needs for others' assistance) to hand skills that support activity completion . Not all of the hand skill items have to be scored and if the child does not use certain items in the activity they can be reported as 'not observed. ' Furthermore, the aforementioned parent-report questionnaire is included as part of the ACHS to promote the concept of family-centred assessment. The questionnaire elicits parents' perceptions regarding which of the 22 ACHS activities present the right level of challenge for the child being observed as well as the best observable environment(s) for those chosen activities (see Appendix I). A threepoint Likert scale is used for the parents to rate their child's hand skill proficiency at carrying out these activities. In practice, administering 'too easy' or 'over-challenging' activities to a child may not elicit the most appropriate indication of his or her current hand skill performance. Therefore, the obtained information assists in determining which suitably challenging activities will be selected for the ACHS observations to occur. Each activity in the ACHS is observed for a maximum time of 10 minutes. The Raschtransformed children's ability estimates on the ACHS were used in this study because the estimates represent the participating children's composite hand skill performance, even though they performed different types of activities (Chien et al., 2011) . The Rasch-transformed ability estimate is expressed as interval-level measurement units called "logits" (i.e., log-odds probability units). More information about the development, test items, and rating scale of the ACHS can be found elsewhere .
In addition to the ACHS, three other instruments were used to examine the ACHS's convergent validity, including the VABS, the DCDQ, and the MABC-2. In the present study, two subscales, the Personal Living Skills and Fine Motor Skills of the VABS (Sparrow et al., 1985) , were used. The Personal Living Skills subscale from the daily living skills domain includes 36 items that assess basic self-care performance of children aged 3e12 years. The Fine Motor Skills subscale from the motor skills domain contains 13 items that are related to object manipulation, drawing, and use of scissors in children younger than 6 years. Each item is rated on a three-point scale according to children's real-life adaptive behaviour, and the raw scores of each subscale were used for analysis in this study. The DCDQ (Schoemaker et al., 2006; Wilson et al., 2000) was used in this study to evaluate the motor competency of children older than 6 years because the VABS Fine Motor Skills subscale is only applicable for younger children. The DCDQ contains 17 items, four of which involve fine motor and handwriting. Parents are required to rate the degree of their children's coordination on a four-point scale, for each item, and compare that score with other children of the same age. Both the total score and the fine motor/handwriting factor score of the DCDQ were analysed in the study. The VABS and DCDQ have been culturally adapted and standardised for use in Taiwan and also demonstrated comparable measurement properties to the original versions (Tseng, Fu, Wilson, & Hu, 2010; Wu, Cheng, Lu, & Chiu, 2004) .
In the MABC-2 (Henderson et al., 2007) , two motor skill subsections related to upper extremity and hand skills were used for this study. One is the manual dexterity subsection that includes three items, and the other is the aiming and catching subsection that includes two items. The raw scores of these items can be converted to a component score and standardised score for each subsection based on established norms. However, the MABC-2 has not yet been examined for use with children in Taiwan. Therefore, the scoring transformations/norms of Western children in the test manual were used to generate the component scores and standardised scores for the analysis of this study. The psychometric properties of the MABC-2 were reported as adequate in its test manual (Brown & Lalor, 2009; Henderson et al., 2007) .
Statistical analysis
Parametric and nonparametric statistical approaches were used in analysis because the children's ability estimates (e.g., Rasch-transformed ACHS logit scores) could be viewed as interval-level measurements. However, the other instruments (the VABS, DCDQ, and MABC-2) generated ordinal-level or Likert rating scale scores.
This study included two parts of data analysis to examine the convergent and discriminant validity of the ACHS, respectively. The first part was the calculation of mean, standard deviation, and score range for the ACHS based on the children with and without disabilities. The discriminant validity of the ACHS was then evaluated by performing the independent t test to examine the difference of the ACHS logit scores between the children with and without disabilities. A significant difference for analysis was set at p < .05.
The second part of the analysis was to explore the convergent validity of the ACHS by assessing the strength of correlation with other instruments using Spearman's rho correlation coefficients. A coefficient of .75 or more indicates a strong relationship, .50e.74 indicates a moderate relationship, and .49 or less indicates a weak relationship (Portney & Watkins, 2000) . The correlation between the children's ACHS ability estimates and ages was also investigated using Pearson's r correlation coefficients. Pearson's r coefficient of .80 or above is considered to be excellent, .60e.79 moderate, and less than .60 is considered poor (Portney & Watkins, 2000) . Three correlation analyses were performed to examine whether there was consistency in the correlation results across the children with different characteristics. One was conducted with all the participating children (combining typically developing children and those with disabilities), another with the typically developing children only, and the other with children who had disabilities only.
Results
A total of 134 children in Taiwan were evaluated using the ACHS observations, but not all of their parents/caregivers completed the VABS Personal Living Skills, the Fine Motor Skills subscales, and the DCDQ. There were between four and eight parents/caregivers who did not return one of the questionnaires or did not answer all of the questions. Furthermore, two parents/caregivers were not aware of the five negatively worded questions in the DCDQ and provided invalid responses. Therefore, these questionnaire results were discarded. Table 1 summarises the number and characteristics of the participating children who completed each of the assessments. It is noted that there were more boys and right-hand dominant children consistently in the total group and the individual groups of children who completed either questionnaire. The majority of the children in the sample were of preschool-age, and similar proportions of children with and without disabilities were included. In addition, a group of 30 children from the sample were evaluated using the MABC-2. More boys, preschoolers, and right-hand dominant children were revealed in accordance with the characteristics of the other groups. Exceptionally, the inclusion of more children who had certain types of disabilities appeared in the MABC-2 group (see Table 1 ).
Discriminant validity of the ACHS
In this study, the mean of the ACHS ability estimates of typically developing children was 3.0 logits with a standard deviation of 3.2 (range, between À2.8 and 10.2), while the children with disabilities had a mean of 0.6 logits (standard deviation Z 2.3) with a range between À4.7 and 5.1.
Significant differences were further found between the two groups of the children's ACHS ability estimates (t value Z 5.24, p < .01). The results revealed that typically developing children scored significantly higher than those with known disabilities on the ACHS, thus indicating good discriminant validity of the ACHS.
Convergent validity of the ACHS
Correlations between the ACHS and the two VABS subscales, the DCDQ, the two MABC-2 subsections, and the children's ages are reported in Table 2 . It was found that the ACHS ability estimates of the typically developing children, children with disabilities, or a combined group of all the children correlated moderately to strongly (.74 rho .78; p < .01) with their VABS Personal Living Skills outcomes. The ACHS also demonstrated significantly moderate to high association with the VABS Fine Motor Skills subscale across children with and without known disabilities (.60 rho .82; p < .01). By contrast, the correlations between the ACHS and the DCDQ total score or fine motor/handwriting factor score were inconsistent. Low correlations were obtained in testing the separate groups of children with or without disabilities, but the strength increased strongly (.79 rho .82; p < .01) when these groups were combined. These correlation results generally indicated that the ACHS exhibited acceptable convergent validity with the parent-report assessments of their children's self-care and fine motor performance.
However, the ACHS did not correlate with the MABC-2 manual dexterity subsection and only had a moderate magnitude of association with the aiming and catching subsection (.51 rho .74; p < .05) in the groups of children with and without known disabilities. This indicated the potential for limited convergent validity of the ACHS with the two MABC-2 subsections. In addition, the ACHS demonstrated a nearly moderate correlation with the children's chronological ages based on all the participants (r Z .59, p < .01). A further detailed inspection of the correlation coefficients, divided by health condition, revealed that the correlations with age were significantly strong in typically developing children (r Z .95, p < .01), but weak in the children with disabilities (r Z .35, p < .01).
Discussion
The ACHS is a newly developed and innovative instrument that, using ecologically based observations, assesses children's hand skill performance in natural day-to-day contexts. The results of this study showed that the ACHS was correlated, at a moderate to high level, with the VABS Personal Living Skills subscale, the Fine Motor Skills subscales, and the DCDQ. A moderate correlation between the ACHS and the MABC-2 aiming and catching subsection was also presented. Furthermore, it was found that the ACHS was able to distinguish between the two groups of children with and without known disabilities. These results indicated that the ACHS exhibited promising convergent and discriminant validity that added to the body of evidence supporting its clinical use in capturing and differentiating children's hand skills. This study examined the convergent validity of the ACHS by correlating it with children's self-care functional abilities as measured by the VABS Personal Living Skills subscale. A significant correlation was expected because the ACHS included observations of children's hand skills performed in several activities of daily living. Moderate to high correlations found between the ACHS and the children's daily living skills were evident consistently across the typically developing group as well as the group of children with disabilities. This supports the convergent validity of the ACHS and, at another level, upholds the importance of children's hand skill performance for their abilities in selfcare tasks such as drinking, toileting, dressing, grooming, and eating. The finding was also consistent with the results of Bourke-Taylor (2003) and Jasmin et al. (2009) who found a relationship between fine motor skills and functional skills in children with cerebral palsy or autism spectrum disorders. The fact that children who exhibit certain hand skill impairments would likely demonstrate poor participation in activities of daily living was repeatedly affirmed by the findings of the study.
The convergent validity of the ACHS was also investigated in the study by exploring its relationship to three similar, questionnaire-and performance-based hand skill instruments. Moderate to high correlations between the ACHS and the two questionnaires (the VABS Fine Motor Skills subscale and the DCDQ) were generally in agreement with our expectations that the ACHS measures a children's hand skills construct similar to that performed in the execution of hand skill/handwriting activities. For example, the VABS Fine Motor Skills subscale includes completing noninset puzzle, marking with pencil, or cutting paper activities, while the DCDQ has handwriting activities related to printing and writing. However, the correlations with the DCDQ were lower, particularly when they were analysed with separate groups of children with or without disabilities. This is possibly because an insufficient number of children were included in each analysis. Moreover, the DCDQ is a screening questionnaire for children with developmental coordination disorder, but the children with disabilities included in this study did not necessary exhibit the signs of developmental incoordination. The included activities may also be easy for typically developing children who do not have difficulty using their hands. Although the DCDQ may not be the most suitable tool for examining the convergent validity of the ACHS, there were few other parent-report questionnaire options that could be used to assess the hand skill performance of school-age children in Taiwan. Therefore, a decision was made to include the DCDQ as part of the study. Future studies are warranted to re-examine the convergent validity of the ACHS if other more suitable assessments are available.
Only low to moderate correlations were found between the ACHS and the MABC-2 manual dexterity and aiming and catching subsections. This implied the potentially poor convergent validity of the ACHS. However, children's hand skills performed in natural contexts may not necessarily correlate highly with performance-based "artificial" assessments of their hand skills in standardised settings. The finding corresponded with the conceptual division of the 'capacity' (what a child can do) and 'performance' (what he/she actually does do in daily life) qualifiers in the 'Activity and Participation' component of the International Classification of Functioning, Disability, and Health (World Health Organisation, 2001 ). On the other hand, the lower correlations may suggest that the ACHS and the MABC-2 measure somewhat different dimensions of hand skills. In terms of assessment contents, for example, the MABC-2 consists of only three manual dexterity items and two aiming/catching items, while the ACHS covers a range of hand skill components related to common childhood activities. The MABC-2 items are also more time/performance constrained than the ACHS, which is conducted in natural contexts. As a result, the limited correlation results (especially in the manual dexterity subsection) may be accounted, in part, by the differences in the assessment contents and contextual requirements of these two tests. Perhaps the correlation finding of the ACHS with the MABC-2 subsections may serve as evidence for its divergent or discriminant validity (i.e., the relationship with other tests measuring different constructs), rather than an indication of the convergent validity.
Hand skill use in children without disabilities typically develops with age (Exner, 2005; Folio & Fewell, 2000; Henderson & Pehoski, 2006) . In this study, the ACHS estimates of typically developing children were found to correlate strongly with their ages. In contrast, the low correlation between age and the ACHS was revealed in the children with disabilities. This could be explained by the fact that other important factors (e.g., intellectual abilities or sensory functions) rather than the age factor may have more influence on hand skill use in children with disabilities. Furthermore, from a practical perspective, age per se might not be an important factor for children who have specific types of disabilities in assessing how effectively their hand skills are performed while engaging in everyday activities (Krumlinde-Sundholm et al., 2007) . Therefore, the findings provide additional evidence for the convergent validity of the ACHS.
Limitations
There are several limitations inherent in this study. First, a convenience (not representative) sample of children with and without disabilities was recruited from a limited number of schools, hospitals, or clinics in Taiwan. Second, the sample size was relatively small (e.g., less than 20 children) in several portions of correlation analyses. Third, the group of typically developing children was not matched for both age and sex to the clinical group of children in the discriminant validity study. The children with disabilities were slightly older than the typically developing children and included more boys. Furthermore, the children with disabilities in the study were more heterogeneous, consisting of various types of hand skill impairments. Such diversity of the clinical sample may inflate the discriminant power of the ACHS. Therefore, replication of the results in a larger sample including specific diagnostic groups and corresponding matched control groups is needed before these findings can be generalised. In addition, the applicability of the MABC-2 in the children in Taiwan remains untested culturally. Given that cultural difference of the former edition (Chow, Henderson, & Barnett, 2001) , the correlations found between the ACHS and the MABC-2 in the present study may be underestimated. Future studies that examine the correlation between the ACHS and the MABC-2 in Western children are important to confirm the findings of this study.
Conclusion
The present study provided preliminary evidence of the convergent and discriminant validity of the newly developed ACHS when used in a sample of children with and without disabilities. Children with known disabilities had significantly lower ACHS scores compared with the typically developing group of children. The ACHS was relatively highly correlated to daily living skills in both the children with and without disabilities. This instrument was also associated moderately to highly with some parent-report, questionnaire-based hand skill assessments. The findings support the convergent and discriminant validity of the ACHS and that it can be used with confidence in capturing and differentiating children's hand skills. Continued work is needed to establish a collective body of validity evidence for the ACHS.
